with increased maternal morbidity in index and future pregnancies, including postpartum hemorrhage, blood transfusion, cesarean hysterectomy due to placental implantation disorders (e.g., placenta previa and morbidly adherent placentation), and maternal intensive care unit admission. 6 Also, a growing body of evidence suggests that delivery via cesarean can significantly increase certain consequences to newborns, including respiratory complications, neonatal intensive care unit (NICU) admission, childhood asthma requiring hospitalization and inhaler use, and lower breastfeeding rates. 1 An effective approach to reduce the overall cesarean delivery rate, and the associated morbidity and mortality, is to prevent the first cesarean delivery. An important target population for reduction of first-time cesarean delivery is women with nulliparous, term, singleton, vertex (NTSV) deliveries, as defined by the Joint Commission. 7 These women may be considered low risk as they have the most favorable conditions for vaginal birth, yet are at risk for labor complications being a first-time delivery. 1 Recent reports of the high maternal mortality rate 8 have drawn attention to the need to understand contributing factors to maternal deaths in Texas. 9 The increase in maternal mortality has been attributed to many factors, including more women having cesarean delivery that may lead to complications. 10 Cesarean delivery accounts for over one-third of all births occurring annually in Texas (~400 000), with 20% of all deliveries being first-time cesarean deliveries. 11 A study by the Texas Department of State Health Services found that 29.3% of all NTSV deliveries in Texas in 2015 occurred via cesarean delivery, with the highest prevalence observed among non-Hispanic black women (33.3%).
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Chronic conditions such as hypertension, prepregnancy obesity, and diabetes mellitus have been identified as preventable risk factors both for maternal morbidity and for cesarean delivery by the Eunice Kennedy Shriver National Institute of Child Health and Human Development, the Society for Maternal-Fetal Medicine, and the American College of Obstetricians and Gynecologists. 12 In addition, smoking during pregnancy and infertility treatment increase the risk of adverse pregnancy outcomes, including cesarean delivery. 13, 14 While studies have examined the individual contribution of these modifiable risk factors to cesarean delivery, none, to the best of our knowledge, has examined the contribution of a combination of these modifiable risk factors to cesarean delivery among NTSV deliveries. It should be noted that the increase in prevalence of these chronic conditions may not explain the rise in cesarean delivery rate. The risk attributable to each of these risk factors for cesarean delivery is small as compared with the risk attributable to changes in practitioners' practice patterns in diagnosis of failed induction, arrest of labor, non-reassuring antepartum or intrapartum fetal surveillance, and so on.
12,15
The objective of the current study was to examine the association between a maternal risk factor index and cesarean delivery among women with NTSV deliveries in Texas. This risk factor index was developed to assess the number of risks carried by the mother, in addition to which specific risks she had. Understanding the patterns of maternal risk associated with cesarean delivery among NTSV population will help to identify opportunities for intervention during preconception and interconception period to reduce cesarean delivery and maternal morbidities.
| METHODS

| Study sample and design
This cross-sectional secondary data analysis used birth certificate data provided by the Texas Department of State Health Services Center for Health Statistics. Over 400 000 Texan residents (N = 402 522) gave birth in Texas in 2015. Analyses were limited to nulliparous women aged 15-49 years with term at ≥37 weeks of gestation, singleton, vertex deliveries who were residents of Texas and had complete cases (n = 114 535). We limited our sample to complete cases as <10% had one or more missing variables. Figure 1 shows the inclusion and exclusion criteria for the analytic sample. This research study was approved by the Texas Department of State Health Services Institutional Review Board (IRB#17-031).
| Measures
The outcome of interest was delivery route (cesarean delivery versus vaginal delivery). As this study included only NTSV pregnancies, all cesarean deliveries were primary by definition. On the birth certificate form, the final route and method of delivery are collected as follows: "vaginal/spontaneous," "vaginal/forceps," vaginal/vacuum," and "cesarean." The vaginal delivery group in the current study included both spontaneous and instrumental vaginal delivery as only a small proportion (6.0%) of the women with vaginal delivery had instrumental vaginal deliveries. The cesarean delivery group included those with and without attempted trial of labor. The primary exposure of interest was a summative maternal risk factor index. The risk factors in the index, selected based on prior knowledge in the published literature, included the following: preexisting/gestational diabetes mellitus, 12 preexisting/gestational hypertension/eclampsia, 12 infertility treatment, 14 smoking during pregnancy, 13 and prepregnancy overweight/obesity. 12 The index score ranged from 0 to 4 and was categorized as 0, 1, 2, and 3+ based on the number of risk factors present. 19 A total of 5.2% of women were with no prenatal care, which were coded as missing and excluded from the analysis. All covariates were selected based on prior knowledge from the published literature and/or plausible association with birth outcomes. 4, 20, 21 Because of the racial and ethnic disparities observed in NTSV cesarean rate, 11 all analyses were stratified by race and ethnicity. Maternal race and ethnicity was classified as non-Hispanic white, non-Hispanic black, Hispanic, and other (Asians, Pacific Islanders, Native Americans, and others).
| Statistical analyses
Descriptive statistics included means and standard deviations for continuous variables, and frequencies and percentages for categorical variables for the overall sample (n = 114 535), and by maternal risk factor index categories. Chi-square tests or independent two-sample t tests were conducted to examine differences in these variables by delivery route, overall, and were stratified by race and ethnicity. Multivariable logistic regression analyses were used to examine the associations of the categorized maternal risk factor index with cesarean delivery among NTSV deliveries, overall and by race and ethnicity, while adjusting for the sociodemographic and prenatal covariates. We also compared the maternal risk factor index with the adjacent lower level of risk to determine whether there was a significant dose-response relationship between risk and delivery route. Associations were considered statistically significant at P-value <0.05. Estimates are presented as adjusted odds ratios (aOR) with Mother has at least some college education 68 120 (59. 
95% confidence intervals (CI).
To examine the relative contribution of different combinations of maternal risk factors to delivery route, we conducted separate multivariable regression models examining the associations between interaction terms among the different maternal risk factors. For example, one model studied the relative contribution of hypertension to delivery route by examining the interactions between hypertension and the other risk factors. Similar models were conducted for the other risk factors. In addition, it should be noted that we included both maternal prepregnancy overweight and obesity in the maternal risk factor index, whereas some studies report that only prepregnancy obesity is a risk factor for cesarean delivery. 22, 23 For this reason, we conducted a sensitivity analysis including only prepregnancy obesity in the maternal risk factor index. Furthermore, we conducted another sensitivity analysis with the most prevalent risk factors in the maternal risk factor index to examine whether any rare events had any impact on the study results. All analyses were conducted using STATA 14.0 (College Station, TX, USA).
| RESULTS
Among deliveries in Texan women aged 15-49 years, 28.5% (114 535/402 522) were NTSV. The racial and ethnic distribution of the women was as follows: Hispanic (42.2%), nonHispanic white (37.8%), non-Hispanic black (11.5%), and other racial and ethnic category (8.6%). Most of the women were 20-34 years of age (75.7%), had at least some college education (59.5%), and carried private (45.4%) or Medicaid (42.0%) insurance. About half (52.4%) were married at the time of the delivery. Approximately 43% of women were enrolled in WIC during the pregnancy (Table 1) . Overall, nearly half (48.1%, [55 147/114 535]) of the women had ≥1 risk factor present. The prevalence of 1, 2, and 3+ risk factors was 39.5%, 7.7%, and 0.9%, respectively. Nearly 50% of the women had gestational weight gain above the IOM recommendations. About 18% of the mothers had inadequate prenatal care (Table 1) .
Nearly 27% of women with NTSV deliveries had a cesarean delivery. Women with NTSV cesareans were more likely to be older, non-Hispanic black, have at least some college education, and have private insurance, compared with women with NTSV vaginal deliveries. Significant variation by delivery route was observed at the univariate level for all sociodemographic and prenatal characteristics examined (Table 2) .
Among women with NTSV deliveries, the prevalence of ≥1 maternal risk factor was highest among non-Hispanic black women (54.7%) and lowest among women of other race/ ethnic category (36.1%) ( Table S1 ). The three most prevalent risk factors for non-Hispanic black women, Hispanic women, and women of other racial and ethnic group were maternal prepregnancy overweight/obesity, gestational hypertension, and gestational diabetes mellitus. Among non-Hispanic white women, the three most prevalent risk factors were maternal prepregnancy overweight/obesity, gestational hypertension, and smoking during pregnancy (results not shown).
The prevalence of NTSV cesarean delivery was highest for non-Hispanic black women (33.0%), followed by 29.9% for women of other racial and ethnic group, 27.4% for nonHispanic white women, and 25.0% for Hispanic women (Table S2) .
Because significant associations were observed between delivery route and sociodemographic and prenatal factors ( (Table  3) . When adjacent levels of maternal risk factor index categories were compared, a significant dose-response relationship was observed with the addition of each risk factor (results not shown). This dose-response relationship was observed for all racial and ethnic groups (results not shown).
The model examining the contribution of hypertension in combination with different risk factors to delivery route found that only the interaction term between hypertension and smoking during pregnancy was significant (aOR = 1.34; 95% CI = 1.03-1.75). The models examining the interactions between the other maternal risk factors were not significant (results not shown). Notably, in these models, we excluded pregnancy resulting from infertility treatment as it had a low prevalence (0.8%) in the data set.
Sensitivity analyses including only maternal prepregnancy obesity in the maternal risk factor index also showed similar results for the associations between categorized maternal risk factor index and cesarean delivery, overall and by race and ethnicity (Table 4) . Pregnancy resulting from infertility treatment being a rare event (0.8%), we conducted another sensitivity analysis excluding it from the maternal risk factor index. Results of this association between maternal risk factor index and cesarean delivery remained similar (not shown).
| DISCUSSION
Among the 114 535 NTSV deliveries at ≥37 weeks of gestation in Texas in 2015, more than one in four (27.2%) women had a cesarean delivery. Nearly 50% of women with NTSV deliveries had at least one maternal risk factor present. The most prevalent maternal risk was prepregnancy overweight/ 24 In this study, the prevalence of cesarean delivery among NTSV deliveries in Texas in 2015 was 27.2%, which is higher than the Healthy People 2020 target for NTSV deliveries of 23.9%. 25 Similar to recent national 24 and state reports, 11 we found that the proportion of NTSV deliveries by cesarean was highest among nonHispanic black women and lowest among Hispanic women. The maternal risk factors examined in this study (obesity, hypertension, diabetes mellitus) have been cited as contributors to maternal deaths, among many others. 10, 26 In our study, nearly 50% of the women with NTSV deliveries had at least one maternal risk factor present, with maternal prepregnancy overweight/obesity being the most prevalent risk factor Women of other race and ethnicity group includes Asians, Pacific Islanders, Native Americans, and others. Pregnancy risk factor index includes preexisting/gestational diabetes mellitus, preexisting/gestational hypertension/eclampsia, pregnancy resulting from infertility treatment, cigarette smoking during pregnancy, and maternal prepregnancy overweight/obesity. Mother's prepregnancy weight status: age <20 years (normal or underweight BMI percentile <85th; overweight BMI percentile 85th to <95th percentile; obese BMI percentile ≥95th percentile) and age ≥20 years (normal or underweight BMI <25 kg/m 2 ; overweight/obese BMI ≥ 25 kg/m 2 ). Prenatal care use: inadequate (prenatal care begun after the fourth month or <50% of recommended visits received), intermediate to adequate to adequate plus (prenatal care begun by the fourth month and ≥50% of recommended visits received). * P-value <0.05 between cesarean delivery and vaginal delivery. (Continued) (42.4%). prepregnancy obesity has been rising both nationally and in Texas. Between 2006 and 2015, the prevalence of prepregnancy obesity has increased 25.4% in Texas. 11 In our study, the prevalence of prepregnancy overweight/obesity was highest among non-Hispanic black and Hispanic women, similar to national estimates. 27 The prevalence of diabetes mellitus and hypertension has been rising in Texas, with the overall prevalence being 5.5% and 7.4% of all live births in 2016, respectively, 11 similar to our study findings. The racial and ethnic disparities observed in hypertension and diabetes mellitus nationally are similarly seen in Texas. 11, 28, 29 In our study, we observed the odds of cesarean delivery in NTSV deliveries increased with increasing number of risk factors. The risk factors examined in this study may contribute to other, more direct causal factors along the pathway leading to cesarean delivery, such as macrosomia and fetal compromise during labor. 4, 13, 14 Also, the presence of these maternal risk factors, and the number and the different combinations of risk factors, influences the clinical management of pregnancy and labor. 4 It is important to note that the observed association between maternal risk factor index and cesarean delivery is not causal. Previous studies have indicated that the subjective indications such as non-reassuring fetal status and arrest of dilation contributed more to primary cesarean delivery than the objective indications such as maternal-fetal and obstetric conditions. 12, 15 Future studies may compare the contribution of these maternal risk factors versus that of practitioners' attitude and care practices in the presence of these risk factors to delivery route. Many of the risk factors examined in this study are preventable and correlated with each other. The population in the current study may be presumed to be low risk, 1 based on the Joint Commission 7 definition; however, as evident from the current study, many women with NTSV deliveries had at least one risk factor, most notably prepregnancy overweight/ obesity. Many of these risk factors are interrelated, as obesity is a known risk factor for diabetes and hypertension, both of which increase the incidence of preeclampsia, eclampsia, and hemorrhage. 30 All these emphasize a need for medical culture change surrounding care for reproductive age women, which may include discussions and interventions for obesity and other medical comorbidities before pregnancy. 31 To ensure that women begin pregnancy as healthy as possible, it is important to identify and treat chronic conditions and behavioral health problems during the preconception period. 32, 33 In addition, access to postpartum care beyond the 6 weeks postdelivery would allow women to continue treatment of chronic, behavioral, and pregnancy-induced conditions and have access to family planning services, including counseling on an adequate spacing between pregnancies that can improve subsequent birth outcomes. 34, 35 One important limitation of our study was that being a cross-sectional analysis, we could not determine the attributable risk of each maternal risk factor to delivery route. Furthermore, all the maternal risk factors examined were assumed to be of equal importance in terms of their contribution to delivery route. Another important limitation of this study was our reliance on birth certificates as the sole source of data. Birth certificates tend to underreport many maternal conditions such as diabetes, hypertension, and self-reported maternal weight when compared with medical records. [36] [37] [38] Sensitivities for reporting preexisting diabetes (50%), 38 chronic hypertension (7.3%), 37 and eclampsia (0%) 38 on birth certificates have been reported to be low. The sensitivity for other conditions such as tobacco use (89%), gestational diabetes mellitus (83%), in vitro fertilization (80%), pregnancy-related hypertension (72%), and mode of delivery (98%) is relatively higher. 38 It should be noted that the tobacco use item format has changed in the 2003 revision of Texas birth certificate form. The underreporting of variables in the birth certificate would bias the observed association between the exposure and the outcome toward null 36 ; thus, the strength of the association is likely larger than the one detected in this study. As gestational hypertension measured in the birth certificate form does not differentiate between pregnancy-induced hypertension and preeclampsia, we could not ascertain the individual contribution of preeclampsia to cesarean delivery. Furthermore, birth certificate data are limited to live births; thus, we could not ascertain the association between maternal risk factor index score and fetal death. It should be noted that we included both maternal prepregnancy overweight and obesity in the maternal risk factor index. A recent population-based retrospective study in Scotland reported that prepregnancy overweight and obesity is associated with an increased risk of adverse maternal and offspring complications. 39 Nonetheless, we conducted sensitivity analyses which included only maternal prepregnancy obesity in the maternal risk factor index, and results were appreciably similar. Notably, our study did not account for other medical indications for cesarean delivery, such as maternal infection, birth defects, placental implantation disorders, and cord prolapse, 15 which may contribute to some residual confounding. Finally, the maternal risk factor index tool has not been validated, which is warranted in future studies. The strengths of our study were its large analytic sample size, focus on NTSV deliveries, and adjustment for several potential confounding factors.
T A B L E 2
As mentioned previously, we noted a dose-response relationship of maternal risk factor index with route of delivery, which has not been reported in the past. The findings of our study have national implications as Texas accounts for 10% of all births in the nation. 40 It is important to note that the factors that influence maternal health affect not only the current pregnancy outcome, but also their subsequent pregnancies, and health of the next generation. 25 Future studies should try to elucidate reasons for and the relative impact of these maternal risk factors on birth outcomes. One approach might be understanding the pattern of these risk factors at smaller geographic levels.
| Conclusions
In our study of women with NTSV deliveries in Texas, the odds of cesarean delivery increased with increasing number of maternal risk factors. Understanding patterns of maternal risk associated with cesarean delivery among NTSV deliveries is vital to reducing the overall cesarean delivery rate and its associated maternal morbidity and mortality rates in Texas. Findings from this study highlight the need for intervening during the preconception and interconception period as intrapartum care practices have an important influence on birth outcomes.
